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(54) Apparatus and method for processing substrate 



(57) A substrate processing apparatus includes a 
processing chamber and a vacuum spare chamber 
adjacent thereto through a vacuum valve. The process- 
ing chamber houses two holders for holding substrates 
on their surfaces on the same side. The processing 
chamber is provided with an ion source for irradiating 
the substrate on each holder having reached a process- 
ing position P with an ion beam so that it is subjected to 
ion implantation. The processing chamber is internally 
provided with a holder moving mechanism for perform- 
ing the operation of moving the two holders in parallel 

FIG 



independently from each other so that they traverse the 
processing position P, and moving the two holders in 
parallel simultaneously between the insides of the 
processing chamber and vacuum spare chamber 
through the vacuum valve. The vacuum spare chamber 
is internally provided with a substrate replacing mecha- 
nism for replacing processed substrates and non-proc- 
essed substrates with each other collectively for the two 
holders in cooperation with the holder moving mecha- 
nism. 
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Description 

RAHKGROUN n OF THE INVENTION 

1 FiPlri of the Invention 

The present invention relates to a substrate 
processing apparatus and method for subjecting a sub- 
strate to processing such as ion-implantation, film dep- 
osition accompanied by ion-implantation and plasma 
processing, and more particularly to simplily an appara- 
tus configuration and improving the throughput thereof. 

2 DesgriPtifiD P f t h * Related Art 



Fig. 10 is a plan view showing an exemplary con- 
ventional substrate processing apparatus. This sub- 
strate processing apparatus is an ion doping apparatus 
(ion implanter without mass separation referred to also 
in the following description) having a total of four vac- 
uum chambers of a processing chamber 8, a transfer 
robot chamber 16 and two spare vacuum chambers 14. 
Reference numerals 20 to 22 denote vacuum valves. 

The processing chamber 8 serves to a substrate 
(e.g. a substrate for liquid-crystal display or a semicon- 
ductor substrate referred to also in the following descrip- 
tion). Within the processing chamber 8. a holder 4 for 
holding the substrate 2 is provided. An ion source 10 is 
attached to the wall thereof. The substrate 2 on the 
holder 4 is irradiated with ion beams 12 so that it is sub- 
jected to the processing such as ion implantation. The 
holder 4 is rotated between an upright condition for sub- 
strate processing and a horizontal condition for sub- 
strate replacement by a holder driving mechanism 6. 

The transfer robot chamber 1 6 serves to house a 
transfer robot 18 tor transferring the substrate 2 in vac- 
uum. The transfer robot 18 is a robot equipped with two 
or three shafts, which has an arm 19 for placing the sub- 
strate 2 thereon to replace a processed substrate and a 
non-processed substrate with each other for the holder 
in the horizontal condition within the processing cham- 
ber 8 and transfer-out/in of the substrate 2 for both 

spare chambers 14. 

Each spare vacuum chamber 14 serves to transfer 
the substrate 2 between an atmosphere and the envi- 
ronments of vacuum. In the air in front of the spare 
chamber 14, a three-shaft transfer robot 24 is provided 
to have an arm 25 to transfer the substrate 2 placed 
thereon in and out from each spare vacuum chamber 
14. 

An explanation will be given of the overall operation 
of the substrate processing apparatus. A non-proc- 
essed substrate 2 is transferred into the processing 
chamber along a path indicated by arrow a - c in Fig. 10. 
The non-processed substrate 2 is irradiated with the ion 
beams 12 so that it is subjected to the processing such 
as ion implantation. The processed substrate 2 is trans- 
ferred into the environment of air along the path indi- 



cated by arrow d - f . In this way, substrates 2 will be 
processed one by one. 

The substrate processing apparatus has four ves- 
sels (i.e., processing chamber 8, transfer robot chamber 
5 1 6 and two spare chambers 14). In addition, these vac- 
uum vessel must be evacuated respectively to vacuum. 
This makes the apparatus configuration complicate 

Further, the arm-type transfer robot 18 equipped 
with two or three shafts is used tor substrate transfer in 
w vacuum. Such a transfer robot 18 is complicate in con- 
figuration and expensive. This also makes the appara- 
tus configuration complicate. 

Using the spare vacuum chambers 14 (and the 
transfer robots 24 on the side of air) unified into a single 
15 spare chamber, the substrates before and after the 
processing can be loaded or unloaded in order one by 
one between the vacuum and air. However, such a con- 
figuration makes the time required for load/unload of the 
substrate 2 longer by the degree of reduction of one 
20 spare chamber 14, thereby attenuating the throughput 
(processing capability of the substrate 2 per unit time). 
In this case also, three vacuum vessels must be still pro- 
vided. 

If the number of vacuum vessels can be reduced 
25 into two of the processing chamber 8 and spare vacuum 
chamber 1 4, the apparatus configuration can be simpli- 
fied remarkably. 

However, because of such a simple configuration, 
the transfer robot 18 has to be housed within the spare 
30 chamber 14. In such a configuration, there are disad- 
vantages that (1) the transfer robot 18 occupies a fairly 
large volume so that the spare vacuum chamber 14 has 
to be formed to have a large volume, and that (2) the 
transfer robot 18 has a complicate structure to make it 
35 difficult the environment to be evacuated to vacuum. 
Because of these two causes, the evacuation speed in 
the auxiliary vacuum chamber 14 is reduced to lower 
the throughput of the apparatus. Further, reduction of 
the spare vacuum chambers into a single chamber low- 
40 ers the throughput as described above. Accordingly, the 
throughput of the apparatus will be lowered fairly. 



SI IMMARV OF THE INVENTION 

45 It is an object of the present invention to provide a 
substrate processing apparatus and method which can 
simplify the apparatus configuration and improve the 
throughput 

A substrate processing apparatus according to the 
so present invention comprises a processing chamber 
evacuated to vacuum for processing substrates; a plu- 
rality of holders arranged substantially in parallel to one 
another within the processing chamber, each for holding 
a substrate on a surface thereof on the same side; a 
55 processing unit for successively processing the sub- 
strates held in the respective holders at a prescribed 
position in the processing chamber; a vacuum spare 
chamber provided adjacent to the processing chamber; 
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a vacuum valve intervening between the vacuum spare 
chamber and the processing chamber to permit the plu- 
rality of holders holding the substrates to be passed col- 
lectively; a holder moving mechanism for performing the 
operation of the reciprocating linear movement of the 
plurality of holders independently from one another 
within the processing chamber so that the plurality of 
holders traverse the processing position, and the recip- 
rocating linear movement of the plurality of holders 
simultaneously between the insides of the processing 
chamber and vacuum spare chamber through the vac- 
uum valve; and a substrate replacing mechanism pro- 
vided within the vacuum spare chamber capable of 
holding non-processed substrates and processed sub- 
strates whose number is equal to that of the holders, 
and serving to replace the processed substrates and 
non-processed substrates with each other collectively 
for the plurality of holders moved into the vacuum spare 
chamber in cooperation with the holder moving mecha- 
nism. 

In accordance with the present invention, only two 
vacuum vessels are required and a mechanism for 
transferring a substrate is also simplified so that the 
apparatus arrangement can be simplified In addition, 
the number of times of substrate transfer, substrate 
replacement and vacuum evacuation for the vacuum 
spare chamber can be reduced, and the volume of the 
vacuum spare chamber can be reduced to shorten the 
vacuum time so that the throughput of the apparatus 

can be improved. 

A substrate processing method for processing sub- 
strates using the substrate processing apparatus 
according to the present invention comprises the steps 
of: reciprocating one of the plurality of holders each 
holding the substrate once over the processing position 
to process the substrate by the processing means; and 
during the reciprocating step, resting the remaining 
holders each holding the substrate at a stand-by posi- 
tion where the substrate is not processed; wherein the 
reciprocating step and resting step are subjected suc- 
cessively to the plurality of holders, and a series ol the 
successive process to the plurality of holders are 
repeated at least one time. 

In accordance with the substrate processing 
method according to the present invention, since a sin- 
gle sheet of substrate can be processed divisionally in 
at least two steps, the temperature increase of the sub- 
strate can be reduced as compared with the case where 
the substrate is subjected to a necessary quantity of 
processing in one step. Further, even if a change occurs 
in the processing device while the substrate is proc- 
essed, the influence by the change can be decreased 
as compared with the case where the substrate is sub- 
jected to a necessary quantity of processing in one step 
so that attenuation of uniformness of the substrate 
processing can be relaxed. 



RRIFF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

5 Fig. 1 is a cross sectional view showing an example 
of the substrate processing apparatus according to 
the present invention; 

Fig. 2 is a perspective view partially showing the 
neighborhood of an ion source in the substrate 
70 processing apparatus in Fig. 1 ; 

Fig. 3 is a perspective view partially showing the 
neighborhood of a vacuum valve of the substrate 
processing apparatus shown in Fig. 1 ; 
Fig. 4 is a plan view showing an example of the 
75 holder in Fig. 1; 

Fig. 5 is a schematic side view showing an example 
of a cooling mechanism; 

Fig. 6 is a view taken along line Y - Y in the sub- 
strate replacing mechanism in Fig. 1; 
20 Figs. 7 A to 7C are views showing an example of the 
operation of replacing a substrate for a holder in a 
vacuum spare chamber, and taken along line X - X 
in Fig. 1 ; 

Figs. 8A to 8C are views showing an example of the 
25 operation of replacing a substrate from the air side 
for the substrate replacing mechanism in a vacuum 
spare chamber, and taken along line X - X in Fig. 1 ; 
Figs. 9A to 9B is a process view showing an exam- 
pi e of the substrate processing method according 
30 to the present invention; and 

Fig. 10 is a schematic plan view showing an exam- 
ple of a conventional substrate processing appara- 
tus. 

35 nFTAILED DES CRIPTION OF THE INVENTION 

Detailed description of the invention will be 

described as follows. 

A substrate processing apparatus according to the 
40 present invention has a processing chamber, a plurality 
of holders, a processing unit, a vacuum spare chamber, 
a vacuum valve, a holder moving mechanism, and a 
substrate replacing mechanism. A processing chamber 
is evacuated to vacuum for processing substrates. The 
45 plurality of holders is arranged substantially in parallel to 
one another within the processing chamber, which 
holds the substrates on their surfaces on the same side, 
respectively. The processing unit for successively 
processing the substrates held in the respective holders 
50 at a prescribed position in the processing chamber. The 
vacuum spare chamber is provided adjacent to the 
processing chamber. The vacuum valve intervenes 
between the vacuum spare chamber and the process- 
ing chamber to permit the plurality of holders holding 
55 the substrates to be passed collectively. The holder 
moving mechanism performs the operation of the recip- 
rocating linear movement of said plurality of holders 
independently from one another other within the 
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processing chamber so that they traverse the process- 
ing position, and the reciprocating linear movement of 
the plurality of holders collectively between the insides 
of the processing chamber and vacuum spare chamber 
though the vacuum valve. The substrate replacing 5 
mechanism is provided within the vacuum spare cham- 
ber capable ol holding non-processed substrates and 
processed substrates whose number is equal to that of 
the holders, and serves to replace the processed sub- 
strates and non-processed substrates with each other 70 
collectively for the plurality of holders moved into said 
vacuum spare chamber, in cooperation with the holder 
moving mechanism. 

The above configuration has only to include two 
vacuum vessels of the processing chamber and the 
vacuum spare chamber. 

In addition, the holder moving mechanism permits 
the plurality of holders to make the reciprocating linear 
movement independent from one another so as to 
traverse the processing position within the processing 
chamber, thereby successively subjecting the substrate 
held in each holder to the processing. Further, the same 
holder moving mechanism permits the plurality of hold- 
ers each holding the substrate to make the reciprocat- 
ing linear movement between the insides of the 
processing chamber and the vacuum spare chamber, 
thereby transferring the substrates between both cham- 
bers. For this reason, unlike the conventional art, provi- 
sion of the transfer robot dedicated to substrate transfer 
in the vacuum is not required, thus simplifying the 
mechanism of the substrate transfer in the vacuum. 

Thus, only two vacuum vessels are required, and 
the mechanism of the substrate transfer in the vacuum 
is simplified, so that the apparatus configuration can be 
simplified. 

Further, into the vacuum spare chamber, the plural- 
ity of holders each holding a substrate can be moved 
simultaneously by the holder moving mechanism. In the 
vacuum spare chamber, for the plurality of holders, the 
processed substrates and the non-processed sub- 
strates are collectively replaced with each other in coop- 
eration of the holder moving mechanism and the 
substrate replacing mechanism. Therefore, as com- 
pared with the case where replacement between the 
processed substrates and non-processed substrates is 
carried out one by one as in the conventional art, the 
number of times of substrate transfer, substrate replace- 
ment and vacuum evacuation of the vacuum spare 
chamber can be reduced so that the throughput of the 
apparatus can be improved. 

The substrate replacing mechanism serves to exe- 
cute the substrate replacement in cooperation with the 
holder moving mechanism. Accordingly, the substrate 
replacing mechanism can be more simple and smaller 
than the transfer robot according to the conventional art. 
Thus, the volume of the vacuum spare chamber can be 
reduced, and because of its simple mechanism, the 
vacuum evacuation of the environment can be easily 



done. Accordingly, the vacuum evacuation time of the 
vacuum spare chamber can be shortened. For this rea- 
son also, the throughput of the apparatus can be 
improved. 

Embodiments of the present invention will be 
described as follows in detail referring to the accompa- 
nying drawings. 

Fig. 1 is a cross sectional view of an embodiment of 
the substrate processing apparatus according to the 
present invention. Fig. 2 is a perspective view partially 
showing the portion around an ion source of the sub- 
strate processing apparatus shown in Fig. 1. Fig. 3 is a 
perspective view partially showing the neighborhood a 
vacuum valve of the substrate processing apparatus 
shown in Fig. 1 . Fig. 4 is a plan view showing an exam- 
ple of the holder in Fig. 1 . 

The substrate processing apparatus is an ion dop- 
ing apparatus having a total of two vacuum vessels of a 
processing chamber 30 and an spare chamber 62 adja- 
cent to it 

The processing chamber 30 serves to process the 
substrate 2, and is evacuated to vacuum e.g. 10" 6 to 10" 
7 Ton* by a vacuum pump not shown. 

The spare vacuum chamber 62 serves to 
load/unload the substrate 2 between the processing 
chamber 30 and air without getting the processing 
chamber 30 back to the air pressure. The spare vacuum 
chamber 62 is evacuated to vacuum e.g. 10" 2 to 10' 3 
Torr by a vacuum pump not shown. 

The processing chamber 30 and the vacuum spare 
chamber is separated from each other by a vacuum 
valve (e.g. gate valve) 64. In this embodiment, as shown 
in Fig. 3, the vacuum valve 64 is arranged so as to be 
lengthy in a horizontal direction, and has a width W and 
35 height H which permit two holders 32 holding the sub- 
strates 2, respectively to be simultaneously passed in a 
substantially horizontal status. 

The vacuum spare chamber 62 and the air are sep- 
arated from each other by a vacuum valve (e.g. flap 
40 valve) 72. Ahead of the air side of the vacuum valve 72, 
a two or three transfer robot (not shown) is provided 
which has an arm 74 and can load/unload the substrate 
2 placed thereon between the vacuum spare chamber 
62 and the air as indicated by an arrow E. This transfer 
45 robot may be the same as the transfer robot 24 shown 
in Fig. 10. 

The processing chamber 30 houses two holders 32 
holding the substrates 2 as described above on the sur- 
faces on the same side (surface on the side of the ion 
50 source 54). Both holders 32 are supported substantially 
in parallel to each other by a holder moving mechanism 
34. Each holder 32 has a known holder (not shown) 
such as a ring-shaped damper or plural dampers which 
holds down the periphery of the substrate 2. 
55 The substrate 2 may be e.g. a glass substrate for 
liquid crystal display and has a size of e.g. 550 x 650 
mm or so. Each holder 32 has a surface size by 10 to 20 
mm in both long and wide dimensions than that of the 
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substrate at issue. 

An ion source 54 as an example of the processing 
unit is attached on the wall at the central point of the 
processing chancer 30. At the processing position P 
ahead of the wall, the ion source 54 sequentially irradi- 
ates the substrate 2 held by each holder 32 with an ion 
beam 56 so that the substrate 2 is subjected to the ion 
implantation processing. In this embodiment, the ion 
source 54, as shown in Fig. 2. emits a band-like ion 
beam which is lengthy in a direction (i.e., vertical direc- 
tion in this example) substantially vertical to the moving 
direction of the holder 32 indicated by arrow B and 
longer than the length L of the substrate 2 in the above 

vertical direction. 

At the section extending from the inside of the 
processing chamber 30 to the outside thereof, a holder 
moving mechanism 34 is provided. Within the process- 
ing chamber 30, the holder moving mechanism 34 has 
ball screws 40 arranged in parallel to a line 92 connect- 
ing the processing chamber 30, vacuum tube 64 and 
vacuum spare chamber 62 and in parallel to each other. 
Both ends of the ball screws are rotatably supported by 
supporting sections 42 and 52. In this embodiment, as 
indicated by arrow C, both supporting sections 42 and 
52 themselves are rotatable tor the wall surface of the 
processing chamber about the central axis between 
both ball screws 40. Their rotating areas are vacuum- 
sealed by packing (not shown) such as an O-ring. The 
section where the ball screws 40 pass through the sup- 
porting section 42 is also vacuum-sealed by a packing 
(not shown) such as an O-ring. 

As described above, in order to change the profile 
of each holder 32 between its upright condition and hor- 
izontal condition, in this embodiment, the processing 
chamber 30 has a shape which is lengthy in a vertical 
direction in the region between a stand-by position and 
a processing position and is approximate to a 1/4 cylin- 
der so as to permit its rotation in the range of a holder 
rotating position R. The vacuum spare chamber 62 has 
a shape which is wide in a horizontal direction and low 
in a vertical direction to receive the holders 32 in a hori- 
zontal condition. 

Within the vacuum spare chamber 62, a substrate 
replacing mechanism 66 is provided. This substrate 
replacing mechanism 66 is concretely a substrate 
ascent/descent mechanism. As seen from Figs. 1 , 6 
and 7, the substrate ascent/descent mechanism has 
four columns 68, four-stage supporting pins 70 which 
protrude inside each of the poles to support the periph- 
ery of each substrate 2 and a driving mechanism 71 
(Fig. 6) which ascend/descend the poles 68 simultane- 
ously. In this embodiment, two non-processed sub- 
strates 2 (2a) can be held on upper two stage 
supporting pins 70 whereas processed substrates 2 
(2b) can be processed on lower two stage supporting 
pins 70. On the periphery of each holder 32, as shown 
in Fig. 4, four notches 33 through which the above sup- 
porting pins 70 pass are formed. 



Although described later in detail, in cooperation 
with the holder moving mechanism described above, 
i e. by moving the poles 68 vertically in a direction of 
arrows (1) and (3) or (5) and (7) in Figs. 7B to 7C in a 
5 prescribed relation with moving the two holders 32 to- 
and-from in the above arrow B indicated by arrows (2) 
and (6) in Figs. 7B to 7C. the above substrate replacing 
mechanism 66, can take out two processed substrates 
2b simultaneously and mount two non-processed sub- 
10 strates 2a simultaneously within the vacuum spare 
chamber 62. 

"me reciprocating linear movement of the two hold- 
ers 32 indicated by the above arrow B, change of the 
profile thereof indicated by the arrow C and 
is ascend/descent of the above substrate replacing mech- 
anism 66 can be controlled actually in such a manner 
that the two motors 46 and 50 and the drive mechanism 
can be controlled by the control device. The control 
device 60 also serves to control the pulling out of the ion 
20 beam 56 from the ion source 54 and the substrate 
processing method described above with reference to 

Figs. 9A to 9B. 

This substrate processing device has only to 
include two vacuum vessels, i.e. processing chamber 
25 30 and a vacuum spare chamber 62. 

In addition, the holder moving mechanism 34 per- 
mits the two holders 32 to make the reciprocating linear 
movement independent from each other so as to 
traverse the processing position P within the processing 
30 chamber 30. thereby subjecting the substrate 2 held in 
each holder 32 to ion implantation. Further, the same 
holder moving mechanism 34 permits the two holders 
32 each holding the substrate to make the reciprocating 
linear movement between the processing chamber 30 
35 and the vacuum spare chamber 62, thereby transferring 
the substrates between both chambers. For this reason, 
unlike the conventional art shown in Fig. 10, provision of 
the transfer robot 18 dedicated to substrate transfer in 
the vacuum is not required. In the conventional art 
40 shown in Fig. 10. although the transfer robot was 
required separately from the holder driving mechanism 
6, in the present invention 18 is not required, thus sim- 
plifying the mechanism of the substrate transfer in the 
vacuum. 

45 Thus, in the substrate processing apparatus 
according to this embodiment, only two vacuum vessels 
are required, and the mechanism of the substrate trans- 
fer in the vacuum is simplified so that the apparatus con- 
figuration can be simplified. 
so Further, into the vacuum spare chamber 62, the two 
holders 32 with the substrates 2 held can be moved 
simultaneously by the holder moving mechanism 34, 
and in the vacuum spare chamber 62. the substrates 
can be simultaneously replaced for the two holders 32 
55 from the processed substrates 2b to the non-processed 
substrates 2a and vice versa in cooperation of the 
holder moving mechanism 34 and the substrate replac- 
ing mechanism 66. Therefore, as compared with the 
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case where substrate replacement between the proc- 
essed substrates and non-processed substrates is car- 
ried out one by one as in the conventional art shown in 
Fig. 10, the number of times of substrate transfer, sub- 
strate replacement and vacuum evacuation of the vac- 
uum spare chamber can be reduced so that the 
throughput of the apparatus can be improved. 

Specifically, since simultaneous replacement of the 
two substrates 2 can be made, the time required for 
replacement of one sheet of substrate can be reduced 
to half. Thus, the entire time required for the substrate 
processing can be reduced to this degree so that the 
throughput of the apparatus can be improved. Other- 
wise, in place of improving the throughput, to the degree 
of the replacing time shortened, the time which can be 
taken for the actual processing of the substrate can be 
lengthened. In this case, since the incident power per 
unit time by the ion beam to the substrate 2 can be sup- 
pressed, a temperature increase of the substrate 2 dur- 
ing the processing can be also suppressed. 

Since the substrate replacing mechanism 66 
serves to make the substrate replacement in coopera- 
tion with the holder moving mechanism 34, it may be 
more simple and smaller than the transfer robot 18 
according to the conventional art shown in Fig. 10. 
Thus, the volume of the vacuum spare chamber 62 can 
be reduced, and because of its simple mechanism, the 
vacuum evacuation of the environment can be easily 
done. Accordingly, the vacuum evacuation time of the 
vacuum spare chamber 62 can be shortened. For this 
reason also, the throughput of the apparatus can be 
improved. 

For example, the vertical interval between the sup- 
porting pins 70 may be 20 - 30 mm. Also in the case 
where four stages of supporting pins 70 are provided as 
in the above embodiment and the interval between the 
inner wall of the chamber and the supporting pin is 10 
mm, the internal height of the vacuum spare chamber 
62 may be very small, e.g. 100-150 mm. For this rea- 
son, the volume of the vacuum spare chamber 62 can 
be reduced. 

However, in the case of the conventional one hav- 
ing two stages of supporting pins, if the vertical interval 
between the supporting member pins 70 and he interval 
between the inner wall of the chamber and the support- 
ing pin are set to equivalent to the present embodiment 
the internal height of the vacuum spare chamber is 60 to 
80 mm. However, since two spare chambers are neces- 
sary in the conventional one, the total height of the 
spare chamber is 120 to 160 mm. Accordingly, the 
present invention can reduce the volume of the vacuum 
spare chamber in comparison with the conventional 
one. 

Kohyo Tokkyo Kouhou (Publication) Hei. 4-502534 
discloses an apparatus in which two holders (supports) 
each holding a substrate are moved alongside simulta- 
neously in directions opposite to each other in front of 
the processing position by a common driving belt. How- 



ever, this publication does not disclose (1) arranging a 
vacuum spare chamber adjacently to this processing 
chamber; (2) a mechanism of transferring the substrate 
between the processing chamber and the vacuum 
5 spare chamber; and (3) a mechanism for replacing a 
processed substrate and non-processed substrate with 
each other for the above two holders. 

Since the above driving belt cannot move the holder 
outside the processing chamber, even when the vac- 
10 uum spare chamber is provided, the transfer robot as 
described above has to be generally arranged therein. 
Such a configuration gives the same problem as in the 
conventional art of Fig. 10. 

Returning to the description of the embodiment of 
is the present invention again, as clearly seen from Fig. 2. 
the arms 36 which are supports for the holders 32 are 
preferably provided behind the holders 32 so as to 
project slightly backward therefrom. In such a configura- 
tion, as seen from Fig. 3, when the holders are inserted 
20 into the vacuum spare chamber 62, the arms 36 do not 
hit the vacuum valve 64 so that an increase in the width 
of the vacuum valve 64 is not required. The width W 
may have actually a size which permits the holder 32 
holding the substrate 2 to pass. 
25 The holders 32. whose temperature increases 
owing to the processing of ion-implantation for the sub- 
strate 2. is preferably cooled by provision of a cooling 
mechanism. An embodiment for cooling it is shown in 
Fig. 5. The cooling temperature of the holders 32 is 
30 1 70°C or less, but that of the conventional one is 200°C 
or more. 

In Fig. 5, a cooling mechanism 80 includes four 
rotary joints 82 and three conduits 84 for connecting 
them. These components constitute a reciprocating flow 
35 path of refrigerant 86. A refrigerant such as water is 
passed through the arm 36 and holder 32 from the out- 
side of the processing chamber 30 so that the holder 32 
and the arm 36 in this embodiment can be cooled. 
More specifically, a tip joint 82 (82a) is attached to 
40 the arm 36 in the neighborhood of a center axis 90 of 
the holder 32. A root joint 82 (82b) is attached to the 
supporting section 42. The root joint 82b may be directly 
attached to the supporting section 42, or may be 
attached to be located in the neighborhood of the holder 
45 32 as shown in Fig. 5 through a supporting post having 
a refrigerant path provided between the supporting sec- 
tion 42 and the joint 82. The two intermediate joints 82 
are not fixed so as to be freely movable horizontally and 
vertically. Thus, in the cooling mechanism 80, the joints 
so 82 can expand or contract as indicated by solid-line and 
two-dot-chain line in Fig. 5 in accordance with the paral- 
lel movement of the holders 32. 

These cooling mechanisms 80 are provided, one 
for each holder 32. on the opposite sides to each other 
55 so that they do not collide with each other and the dis- 
tance between the two holders 32 can be made as short 
as possible. Specifically, for the holder 32 on the side 
near to the ion source 54, the one cooling mechanism 



6 



11 



EP 0 840 355 A1 



12 



80 is attached to its surface on the side near to the ion 
source 54, whereas for the holder 32 on the opposite 
side, the other cooling mechanism 80 is attached to its 
surface on the opposite side. Thus, the two cooling 
mechanisms are arranged symmetrically with respect to 
the inside and outside of the holders 32. 

Provision of these cooling mechanism 80 permits 
the holder 32 to be cooled. This realizes (1) to prevent 
thermal deformation of the holder 32; (2) to prevent 
attenuation of the vacuum degree in the processing 
chamber 30 by means of suppression of the gas dis- 
charge (out-gas) from the holder 32; and (3) prevention 
to prevent the deformation of the substrate 2 by means 
of suppression of the temperature increase during the 
processing of the substrate 2. 

Although there is an idea of using a flexible tube of 
synthetic resin or metal in place of the cooling mecha- 
nism 80, the tube of synthetic resin cannot be actually 
used because it gives a large quantity of discharged gas 
in the vacuum and the metallic tube cannot be used 
because it is susceptible to repetitive fatigue. 

As in this embodiment, it is more preferable to cool 
the arm 36 by flow of the refrigerant therethrough 
because the thermal deformation of the arm 36 can be 
prevented and the gas discharge from the arm 36 can 

be suppressed. 

As in this embodiment, at least the tip joint 82a is 
attached in the neighborhood of the center axis 90 of 
the holder 32. Accordingly, when the cooling mecha- 
nism 80 contracts, the intermediate joints 82 and con- 
duits 84 project vertically by substantially the same 
degree from the center axis 90. Therefore, decreases 
the height of the processing chamber to prevent redun- 
dant increase in the volume of the processing chamber 
30 as compared with the case where only either one of 
them projects largely. 

Referring to Fig. 1 again, in this embodiment, the 
rotating mechanism composed of the motor 50, etc. is 
provided for rotating the holder moving mechanism 34 
as indicated by the arrow C described above. Accord- 
ingly, the substrate 2 can be processed in an upright 
condition of the holder 32 so that application of dust on 
the processing surface of the substrate 3 during 
processing can be prevented. In addition, since the sub- 
strate replacement is performed in a horizontal condi- 
tion of the holder 32, it can be easily carried out, thus 
simplifying the structure of the substrate replacing 

mechanism 66. 

In this embodiment, the holders 32 holding the sub- 
strates in parallel reciprocates over the processing posi- 
tion P and gives the ion beam 56 projected from the ion 
source 54 in a band shape as shown in Fig. 2. There- 
fore, the entire surface of the substrate 2 can be uni- 
formly irradiated with the ion beam 56. thereby 
processing the substrates uniformly without scanning 
the ion beam electrically (i.e. by electric field or mag- 
netic field) or giving a large area of the ion beam enough 
to surround the entire substrate 2, the entire surface of 



the substrate 2 can be uniformly irradiated with the ion 
beam 56. thereby processing the substrates uniformly. 

The substrate 2 can be processed in such a man- 
ner that it is moved unidirectionally once (in parallel 
5 movement) to be completely subjected to necessary 
processing, and thereafter, likewise, a subsequent sub- 
strate 2 is moved unidirectionally to be completely sub- 
jected to the necessary processing. However, the 
substrate 2 is preferably processed by the following 
to processing method. 

As seen from Figs. 9A to 9B, the one holder 32 
holding the substrate 2 is caused to shuttle once over 
the processing position P as indicated by arrows (a) and 
(b) during which the substrate 2 is irradiated with the ion 
75 beam 56 so as to be subjected to ion implantation. The 
other holder rests on a stand-by position Q to which the 
ion beam 56 is not incident (Fig. 9A). In Fig. 9A, 
although the one holder 32 is one located on the side 
near to the ion source 54, the holder 32 on the opposite 

20 side may be used. 

Next, the other holder 32 holding the substrate 2 is 
caused to shuttle once over the processing position P 
as indicated by arrows (C) and (d) during which the sub- 
strate 2 is irradiated with the ion beam 56 so as to be 
25 subjected to ion implantation. The one holder on the 
side near to the ion source 54 rests on the stand-by 
position Q (Fig. 9B). This intends to prevent the corre- 
sponding arm 36 (see Fig. 2) from obstructing the ion 
beam 56. 

30 A series of processing steps shown in Figs. 9A and 
9B are repeated once or plural times so that each sub- 
strate will be subjected to a necessary quantity of 
processing. 

According to such a processing method, a single 
35 sheet of substrate 2 can be processed at least twice in 
such a manner that it is irradiated with the ion beam 56 
in at least two steps (once on the going path and once 
on the return path). Therefore, this method can sup- 
press an increase in the temperature of the substrate 2 
40 as compared with the case where the substrate 2 is 
completely subjected to a necessary quantity of 
processing in one step. This is because reduction of the 
substrate temperature can be expected between steps 
of processing. Further, even if a change occur in the 
45 beam current of the ion beam 56 during the processing, 
the processing divided in two or more steps is less sus- 
ceptible to the change than a necessary quantity of 
processing in one step is. Thus, attenuation in the even- 
ness of the substrate processing can be suppressed. 
so The repetition number of times of a series of 
processing steps shown in Figs. 9A and 9B depends on 
the necessary quantity of processing (e.g. quantity of 
ion implantation), the beam current of the ion beam 56, 
etc. To perform it at plural number of times is more pref- 
55 erable than to perform it once because the above effect 
is made more excellent. However, an excessively large 
nurrfoer of times of the series of processing steps 
lengthens the time required for processing to reduce the 
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throughput so that ten or less times of the process, con- 
cretely 2 to 6 times thereof is preferable. 

Referring to Figs. 7A to 7C. an explanation will be 
given of the details of the method of replacing the proc- 
essed substrates and the non-substrates with each 
other collectively for the two holders 32 within the vac- 
uum spare chamber 62. 

As shown in Fig. 7A, it is assumed that two non- 
processed substrates 2a are already placed on the 
upper two stages of pins 70 of the substrate replacing 
mechanism 66 (this will be described lata with refer- 
ence to Figs. 8A to 8C). 

As seen from Fig. 7B, the two holders 32 each hold- 
ing the processed substrate 2b are inserted over the 
lower two stages of supporting pins 70. and as indicated 
by arrow (2). the substrate replacing mechanism 66 (the 
column 68 and supporting pin 70, hereinafter also 
referred to) are lifted so that the two processed sub- 
strates 2b is lifted by the lower two stages of supporting 
pins 70 (then, the supporting pins 70 pass the notches 
33 of the holders 32). Then, both holders 32 are simul- 
taneously pulled out as indicated by arrow (3). 

As seen from Fig. 7C. as indicated by arrow (4), the 
substrate replacing mechanism 66 is lowered by two 
stages, and the two holders 32 are inserted again below 
the upper two stages of supporting pins 70 as indicated 
by arrow (5). The substrate replacing mechanism 66 is 
further lowered as indicated by arrow (6) and the non- 
processed substrates 2a on the upper two stages of 
supporting pins 70 are placed on the respective holders 
32 (then the supporting pins 70 pass the notches 33 of 
the holders 32). Then, both holders 32 are pulled out 
simultaneously as indicated by arrow (7). 

Thus, the replacement of the substrates is com- 
pleted. 

Now referring to Figs. 8A to 8C. an explanation will 
be given of the details of the method for executing the 
transfer in/out of the processed substrates and the non- 
processed substrates between the inside of the vacuum 
spare 62 and the air. One or two arms 74 of the transfer 
robot on the side of the air may be used. However, it is 
now assumed that the transfer robot is equipped with a 
single arm. 

As seen from Fig. 8A, it is assumed that the two 
processed substrates 2b are already placed on the 
lower two stages of supporting pins of the substrate 
replacing mechanism 66 by the above operation shown 
in connection with Figs. 7A to 7C. 

As seen from Fig. 8B. as indicated by arrow (1). the 
arm of the aforesaid transfer robot on the side of air is 
inserted over the third stage of supporting pin 70 from 
top and the substrate replacing mechanism 66 is low- 
ered as indicated by arrow (2) (then, the arm 74 does 
not collide with the supporting pins 70 since its width is 
smaller than the distance between the opposite sup- 
porting pins 70 as shown in Rg. 1). The arm on which 
the substrate 74 is placed is pulled out as indicated by 
arrow (3). Thus, the processed substrate 2b is trans- 



ferred out into the air. 

In the case of the single arm as in this embodiment, 
the substrate replacing mechanism 66 is lifted by one 
stage as indicated by arrow (4). Thereafter, in the same 
5 manner as described above, the processed substrate 
on the lower stage will be transferred out into the air. 

As seen from Fig. 8C t the substrate replacing 
mechanism 66 which has become vacant entirely is 
lowered by two stages as indicated by arrow (5). The 
10 arm 74 on which the non-processed substrate 2a is 
placed is inserted over the uppermost supporting pin 
70. As indicated by arrow (7). the substrate replacing 
mechanism 66 is lifted so that the supporting pins 
accept the non-processed substrate 2a from the arm 
is 74. The arm 74 is thereafter pulled out as indicated by 
arrow (8). Likewise, the non-processed substrate 2a will 
be also placed on the supporting pins 70 on the second 

stage from top. 

Thus, the replacement of the substrate will be com- 

20 pleted. 

The number of the holders 32 may be three or 
more. In this case, the holder moving mechanism 34 
and substrate replacing mechanism 66 will be corre- 
spondingly designed. However, the larger number of the 
25 holders becomes, the higher the substrate replacing 
mechanism 66 and hence the vacuum spare chamber 
62 become, thereby increasing the volume thereof. 
Thus, the vacuum evacuation time for the vacuum spare 
chamber is lengthened. From this pant of view, the 
so number of the holders is desired to be up to three, i.e. 
two or three. 

As the unit for processing the substrate 2, a film 
depositing unit such as an arc type evaporation source 
may be provided in place of or in addition to the ion 
35 source. Alternatively, an plasma creating device may be 
provided to subject the substrate 2 to the plasma 
processing such as plasma C VD. 

Further, without providing the rotary mechanism 
composed of the motor 50 for rotating the holder moving 
40 mechanism 34, the processing and replacement for the 
holder 32 may be done with the holder 32 being held. 

The present invention, which is configured as 
described above, provides the following effects. 

In accordance with the invention, only two vacuum 
45 vessels are required and a mechanism for transferring a 
substrate is also simplified so that the apparatus 
arrangement can be simplified. In addition, the number 
of times of substrate transfer, substrate replacement 
and vacuum evacuation for the vacuum spare chamber 
so can be reduced, and the volume of the vacuum spare 
chamber can be reduced to shorten the vacuum time so 
that the throughput of the apparatus can be improved. 

In addition, since each of the holders can be cooled 
by a cooling mechanism, thermal deformation of the 
55 holders, attenuation of the vacuum degree within the 
processing chamber based on suppressing the gas dis- 
charge from the holder and deterioration of the sub- 
strate based on suppressing the temperature increase 
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during substrate processing can be prevented. 

Further, since the substrate can be processed in an 
upright condition of the holder, application of dust on the 
processing surface of the substrate in processing can 
be prevented. In addition, since replacement of the sub- 
strate can be done in a horizontal condition, it can be 
easily performed and the structure of the substrate 
replacing mechanism can be simplified. 

Furthermore, since the entire surface of the sub- 
strate is uniformly irradiated with ion beams without 
scanning ion beams by an electric field or magnetic field 
or using the ion beam having a large area enough to 
surround the entire substrate, the substrate can be 

processed uniformly. 

Moreover, since a single sheet of substrate can be 
processed divisionally in at least two steps, the temper- 
ature increase of the substrate can be reduced as com- 
pared with the case where the substrate is subjected to 
a necessary quantity of processing in one step. Further, 
even if a change occurs in the processing device while 
the substrate is processed, the influence by the change 
can be decreased as compared with the case where the 
substrate is subjected to a necessary quantity of 
processing in one step so that attenuation of uniform- 
ness of the substrate processing can be relaxed. 

Claims 

1 . A substrate processing apparatus comprising: 

a processing chamber evacuated to vacuum for 
processing substrates; 

a plurality of holders arranged substantially in 
parallel to one another within said processing 
chamber, each for holding a substrate on a sur- 
face thereof on the same side; 
processing means for successively processing 
the substrates held in the respective holders at 
a prescribed position in said processing cham- 
ber; 

a vacuum spare chamber provided adjacent to 
said processing chamber; 
a vacuum valve intervening between said vac- 
uum spare chamber and said processing 
chamber to permit said plurality of holders 
holding the substrates to be passed collec- 
tively; . 
a holder moving mechanism for performing the 
operation of the reciprocating movement of 
said plurality of holders independently from one 
another within said processing chamber so that 
said plurality of holders traverse the processing 
position, and the reciprocating movement of 
said plurality of holders simultaneously 
between the insides of said processing cham- 
ber and vacuum spare chamber through said 
vacuum valve; and 

a substrate replacing mechanism provided 
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within said vacuum spare chamber capable of 
holding non-processed substrates and proc- 
essed substrates whose number is equal to 
that of said holders, and serving to replace the 
processed substrates and non-processed sub- 
strates with each other collectively for said plu- 
rality of holders moved into said vacuum spare 
chamber in cooperation with the holder moving 
mechanism. 

2. A substrate processing apparatus according to 
daim 1 , further comprising cooling means for cool- 
ing said holder. 

3. A substrate processing apparatus according to 
daim 1 or 2, wherein said cooling means comprises 
a plurality of cooling mechanisms each constituting 
a reciprocating flow path of refrigerant by a plurality 
of rotary joints and conduits for coupling said rotary 
joints, and capable of passing the refrigerant 
through each holder via said flow path. 

4. A substrate processing apparatus according to 
daim any one of claims 1 to 3. further comprising a 
rotary mechanism for rotating said holder moving 
mechanism so that said plurality of holders employ 
their profiles in an upright condition or a substan- 
tially horizontal condition within said processing 
chamber; 

wherein said processing means serves to 
process the substrate held in each of said holders 
in the upright condition, said vacuum valve serves 
to pass the holders in the substantially horizontal 
condition, and said substrate repladng mechanism 
serves to make replacement of the substrates for 
the holders in the substantially horizontal condition. 

i. A substrate processing apparatus according to any 
one of claims 1 to 4, wherein said processing 
means is an ion source for emitting a band-like ion 
beam which is lengthy in a direction substantially 
orthogonal to the moving direction of said holders 
within said processing chamber and longer than the 
length of each o1 the substrates in said orthogonal 
direction. 
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6. A substrate processing method for processing sub- 
strates using a substrate processing apparatus 
according to any one of claims 1 to 5, said method 
comprising the steps of: 

reciprocating one of said plurality of holders 
each holding said substrate once over the 
processing position to process the substrate by 
said processing means; and 
during said redprocating step, resting the 
remaining holders each holding the substrate 
at a stand-by position where the substrate is 
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not processed; 

wherein said reciprocating step and 
resting step are subjected successively to said 
plurality of holders, and a series of said succes- 
sive process to said plurality of holders are 5 
repeated at least one time. 
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